Last year, phase II trials with another PARP inhibitor, AstraZeneca's olaparib, supported the idea that synthetic lethality could indeed be lethal to cancer cells. Tested in BRCA1 and BRCA2 mutation carriers, the drug produced response rates that many impartial observers said were impressive.
However, clinical trials are also testing PARP inhibitors in patients who do not necessarily have BRCA mutations. For instance, BiPar's phase III trial, which has completed enrollment, is assessing the effi cacy of iniparib in combination with the chemotherapy drugs gemcitabine and carboplatin in more than 420 patients with triple-negative breast cancer (those who underexpress the HER2, estrogen, and progesterone receptors). Here the strategy is to use the PARP inhibitor to prevent the tumor from repairing the chemotherapy-caused damage. In an earlier phase II trial with 116 patients, tumors shrank in approximately 62% of those receiving iniparib and gemcitabine, compared with 21% in the group receiving gemcitabine alone.
Other Cancers and Other Agents
BiPar is also testing iniparib in phase II trials in squamous-cell lung cancer and ovarian and endometrial cancers. A phase Ib trial is under way in pancreatic cancer, as well as a phase I -II trial in glioblastoma. Other pharmaceutical companies, including Pfi zer, Abbott, Merck, and AstraZeneca, have PARP inhibitors in early-phase trials.
Alan Ashworth, Ph.D., director of the Breakthrough Breast Cancer Research Center in London and a well-known BRCA researcher, speculates that these mutations represent the tip of the iceberg of repair defects associated with cancers. For instance, tumors with a defect in the tumor suppressor gene PTEN have been linked to many cancers, including 25% -40% of glioblastomas. These may also be sensitive to PARP inhibitors, Ashworth said. "So we are really thinking about a broad range of cancers, including prostate, colorectal, and endometrial cancers, that also have dysfunction in DNA repair pathways." PARP enzymes are not the only players in the DNA repair arena. Checkpoint proteins also help protect DNA, putting the cell replication cycle on hold until mistakes are fi xed. Defects in checkpoint proteins, such as p53 and Chk2, have been linked to cancer. The defective proteins appear to help cancer cells evade checkpoints and prolif-jnci.oxfordjournals.org JNCI | News 1111 N E W S erate despite mistakes in their DNA. But if these mistakes accumulate -with radiation, for instance, and the help of drugs targeted at checkpoint proteins -damage builds up and can kill the cell.
In a 2006 Nature study, Shideng Bao, Ph.D., of Duke University Medical Center in Durham, N.C., and colleagues reported that inhibiting Chk1 and Chk2 -protein kinases involved in checkpoint control following DNA damage -sensitized brain cancer cells to radiotherapy in cell culture. In other studies, Chk1 inhibitors increased cancer cell death in the presence of p53 mutations.
Last year, AstraZen eca began enrolling patients in trials to determine the proper dosage of the Chk1 kinase inhibitor AZD7762 in combination with gemcitabine in patients with solid tumors. And in March, Eli Lilly began trials evaluating a Chk1 kinase inhibitor, designated LY2606368, in patients with non -small cell lung cancer, colorectal cancer, and ovarian cancer. Both groups are slated to complete the studies in 2012.
Drug developers are also targeting enzymes that regulate Chk1 and Chk2. In response to DNA damage, the ataxia telangiectasia mutated (ATM) kinase and another effector kinase, ATR, initiate a cascade leading to DNA repair; ATM inhibitors could allow the damage to go unrepaired. Last year in Molecular Cancer Therapeutics , a team lead by Kristoffer Valerie, Ph.D., at Virginia Commonwealth University reported that glioma cells become more sensitive to radiation after treatment with the ATM inhibitor KU-60019. KuDOS Pharmaceuticals, now a wholly owned subsidiary of AstraZeneca, is developing the agent.
Members of the cyclin-dependent kinase (CDK) family also halt the cell cycle for repair. Geoffrey Shapiro, M.D., Ph.D., director of the early drug development center at Dana -Farber Cancer Institute in Boston, helped discover that cancer cells become more sensitive to chemotherapy when certain CDKs are inhibited. He suggests that selectively blocking certain CDKs prevents BRCA from repairing mistakes.
Piramal Life Sciences has a CDK1 -CDK4 inhibitor, called P276-00, in multiple early trials in combination with chemotherapy drugs to treat advanced malignant melanoma, pancreatic cancer, multiple myeloma, and head and neck cancer. However, other members of the CDK family play key roles in normal cells, so showing that the drug is specifi c to CDK1 and CDK4 and does not inhibit other members of the family is important, Shapiro said.
Specificity
By exploiting defects that only cancer cells carry, repair inhibitors should leave normal cells unscathed. Yet sometimes their degree of specifi city isn't apparent until trials have begun. For example, one drug that looked promising in preclinical studies disrupted the repair enzyme MGMT. MGMT repairs damage by removing harmful alkylations, such as those that the DNA-damaging drug temozolomide causes. But a trial evaluating MGMT inhibitors in combination with temozolomide was stopped early because the combined treatments harmed bone marrow as well as malignant tissue.
"The diffi cult part of DNA repair inhibitors is that they increase toxicity of a DNA-damaging drug, so the real issue is how to get cancer specifi city," said Thomas Helleday, Ph.D. , who works on DNA repair at Oxford and Stockholm universities. "The beauty with PARP," he said, "is that people don't need it to survive." Most people, that is, have the backup DNA repair pathway that normal BRCA genes supply. But tumors with BRCA1 and BRCA2 mutations rely on PARP.
Although MGMT inhibitors haven't succeeded, exploiting MGMT defects has. Over the last few years, trials in acute myeloid leukemia patients have shown that patients carrying MGMT defects respond well to temozolomide.
Likewise, the DNA-damaging drug methotrexate harms tumors with defects in the DNA mismatch repair gene MSH, a mutation that 40% of cancer patients with hereditary nonpolyposis colon cancer carry. Methotrexate has been used to treat cancer since the 1940s, but because of various rates of success, more reliable treatments have replaced it. However, if patients can be effi ciently screened for MSH defects, those who are likely to respond best to methotrexate can be selected. "It may be that we have a lot of the right drugs to treat cancer, but we are giving them to the wrong patients," says Ashworth. "There's often a disconnect between genetic testing and treatment, but if we can test people rapidly and then choose their therapy, we improve outcomes."
Although PARP inhibitors may prove to be effective on their own in patients with BRCA defects, Shapiro predicts that repair inhibitors will be most powerful in combination with other drugs. Testing drug cocktails has never been easy, however. "The problem with the checkpoint and DNA repair inhibitors is that they are very diffi cult to develop alone," he says. "We want to use them with a DNA-damaging agent, so we not only have to demonstrate that they're safe on their own but you must quickly get them into combination trials and do randomized studies with chemotherapy drugs to show these augment DNA damage."
It may be worth the wait, according to committed researchers in this fi eld. "The future for DNA repair inhibitors is phenomenal, and we're working hard to identify new potential targets," Helleday said. "It's been a little slow going, but it's only the very beginning." 
